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CLAIMS: 



1. A method of staining targeted chromosomal material based upon 
nucleic acid sequence employing nucleic acid prabes wherein said targeted 

chromosomal material is in the vicinity of a sus/pected genetic rearrangement. 



2. A method according to Claim 1 wherein the targeted chromosomal 
material is one or more metaphase and /or /nterphase chromosomes, or one 
or more regions thereof. 



3. A method according to 



material is human and selected fr 



4. A method accordin 
material is of fetal cells. 




herein the chromosomal 



osomes 1 through 22, X and Y. 



herein the chromosomal 



5. A method acc 



lme to Claim 4 wherein the fetal cells have been 



6. A method according to Claim 1 wherein sflid nucleic acid probes 
comprise heterogeneous mixtures of labeled nuclereacid fragments, wherein 
a substantial fraction of the sequences of the labeled nucleic acid fragments are 
substantially complementary to sites on chromosomal material that are 
targeted and are substantially free of nucleic a/id sequences having 
hybridization capacity to sites on chromosomal material that is not targeted. 



7. A method according to Claim/l wherein the genetic rearrangement 
is selected from the group consisting oy translocations, inversions, insertions, 
amplifications and deletions. 



8. A method according to £laim 1 wherein the genetic rearrangement 
is associated with a disease. 



9. A method according/to Claim 8 wherein the genetic rearrangement 
is associated with cancer. 



10, A method according Jco Claim 9 wherein the genetic 
rearrangement is diagnostic foi^^roni^myelogenous leukemia (CML). 



11. A method according to Claim 10 wherein the genetic 
rearrangement is selectecy f rom the group consisting of translocations, 
deletions, amplifications and insertions. 



12. A method according to Claim 11 wherein said nucleic acid probes 
are homologous to nucleic acid sequences in the vicinity of the translocation 
breakpoint regions of chromosomal regions 9q34 and 22qll associated with 
CML. 



13. A method according to Qaim 12 wherein said nucleic acid probes 



produce a staining pattern which is distinctively altered when the BCR-ABL 
fusion characteristic of OML occurs. 



14. A methodf according to QaimJ2 wherein signals from said 
nucleic acid probes Wnen hybridized to said nucleic acid sequences produce 
staining patterns as represented in Figure 11, sections b-e, inclusively. 



15. A method according to Claim h3/wheyein the proximity of and/or 
other characteristics of signals of said staipnlg pattern indicate whether said 
BCR-ABL fusion is present. 



16. A method according to QlairrTlS wherein the portion of the probe 
to the BCR region is labeled /visualized in one manner and the portion of the 
probe to the ABL region/is labeled /visualized in another manner so that 
when the BCR-ABL fusion is present the proximity of said two 
labeling /visualization means become relatively close in an interphase and/or 
metaphase chromosomal spread. 



17. Af method according to Claim 14 wherein said nucleic probes 
have a complexity of from about 50 kilobases (kb) to about 1 megabase (Mb). 




18. A method accordi^g^to C/aim 17 wherein the complexity is from 
about 50 kb to about 750 kb. 



19. A method acawidng to Claim 18 wherein the complexity is from 
about 200 kb to about 4^0 kb. 



20. A method according to Cmim 9 wherein the genetic 
rearrangement occurs relatively closely in a genome to the location of 



another genetic rearrangem 



21. A method acco 
produce staining patterns 




n to be associated with cancer. 



aim 20 wherein said nucleic acid probes 



distinguish a genetic rearrangement 



associated with either chronic myelogenous leukemia (CML) or acute 
lymphocytic leukemia GALL) occurs. 



22. Nucleic acid probes that reliably stain targeted chromosomal 
materials wherein said targeted chromosomal materials are in the vicinity of 
one or more suspected genetic rearrangements. 



23. Nucleic acid probes ac 



in situ hybridization. 




to Claim 22 that are appropriate for 



24. Nucleic acid probes according to Claim 23 wherein said nucleic 
acid sequences are of sufficient complexity io stain reliably each of two or 
more target sites on chromosomal matenal in a genome. 



25. Nucleic acid probes according to Claim 24 which are substantially 
free of nucleic acid sequences having hybridization capacity to sites on non- 
targeted chromosomal mate/ial. 



26. Nucleic acid probes acceding to Claim 22 wherein said one or 



more genetic rearrangements is 




elected from the group consisting of 



translocations, inversions, insertions! amplifications and deletions. 



27. Nucleic acid probes according to|Qaim22 wherein said one or 
more genetic rearrangements is or are associated with one or more diseases. 



28. Nucleic acid probes according to Claim 27 wherein said one or 



more genetic rearrangements is or are associated with cancer. 



29. Nucleic acid probes according to Claim 28 wherein said one or 



more genetic rearrangements occuK^T^ccur relatively closely in a genome to 
another genetic rearrangement known/to be associated with cancer. 



30. Nucleic adcyprpbes according to Clsim^ wherein said genetic 
rearrangements are assdeiSMa wim either CML and /or ALL. 



31. Nucleic apSdrorobes according to Claim^29vvherein said probes 
produce a staining pattern which distinguish genetic rearrangements 
associated with either/CML or ALL occurs. 



32. High complexity nucleic acid probes for the detection of genetic 



rearrangements. 



33. High complexity nucleic acid probes according to Claim 32 
wherein the complexity is greater man 50,000 bases. 



34. High complexity nucleic acii 



probes according to Claim 32 

c 



wherein the genetic rearrangeme4u^ from the group consisting of 

translocations, inversions, inseraons, Amplifications and deletions. 



35. High complexity nucleic acid probes according to Claim 34 
wherein said genetic rearrangements are associated with cancer. 



36. High complexity nucleic/acid probes according to Claim 35 
wherein said genetic rearrangements are diagnostic for CML. 



37. High complexity nucleic acid probes according to Claim 36 
wherein said genetic rearrangements are selected from the group consisting of 
translocations, insertions ami amplifications. 



38. High complexity nucleic acid probes according to Claim 37 which 
produce a staining pattern which is distinctively altered when the BCR-ABL 
fusion characteristic of CML occurs. 



39. High complexity nucleic acid probes according to Claim 38 which 
have a complexity of from about 50 kb to about 1 megabase. 



40. High complexity nucleic acid probes according to Claim 39 
wherein the complexity is from about 50 kb to about 750 kb. 



41 . High complexity nucleic acid probes according to Claim 40 



wherein the complexity is from abput 200 kb to about 400 kb. 



42. A method of detecting genetic rearrangements comprising th^/^ 



steps of: 

a. hybridizing the probes of Claim 7 32 to4a£geted chromosomal 
material in the vicinity of a suspected genetic rearrangement; 

b. observing and/or measuring the proximity of and/or other 
characteristics of the signals from said probes; and 

c. determining from said observations and /or measurements 
obtained in step b) whether a genetic rearrangement has occurred. 



43. A method accordimrtjb Claim 42 wherein the suspected genetic 



rearrangement is associated 



44. A method acc 



ALL. 




ncer. 



to Claim 43 wherein the cancer is CML or 



45. A method according m Claim 44 wherein the cancer is CML and 
the genetic rearrangement produces a BCR-ABL fusion. 



/ 



46. A method according to Clairrr42 wherein the chromosomal 
material is either in metaphase or in interphase. 



47. A method according to Claim 46 wherein the chromosomal 
material is in metaphase. 



48. A method Recording to Claim 46 wherein the chromosomal 
material is in interphase. 




49. A method accordmg4o Claim 43 wherein the suspected genetic 
rearrangement is prognostrcmLcancer. 



50. A method aciqpetmg to Claim 49 wherein the cancer is CML. 



51. A method according to Clai^n 50 wherein staining patterns 
produced therefrom are used to distinguish normal and malignant cells for 
purposes of prognosis and /or determining the effectiveness of therapy. 



52. A method according/to Claim 51 wherein said therapeutic 
regimens are selected from th^r group consisting of chemotherapy, radiation, 
surgery and transplantation. 



53. A method according to Claim 50 wherein staining patterns 
produced therefrom are useful «in monitoring the status of a patient whose 
chromosomal materi?Q is so tested on a cell to cell basis. 



54. A method of determining thp molecular basis of genetic disease 
employing the probes of Claim 32. 



55. A method of distinguishing between CML and ALL based upon 
staining patterns produced by the metmod of Qaim 44. 



56. A method according to Gflaim 53 wherein the patient is in 
remission and staining patterns proquced therefrom are predictive of a 
recurrence of cancer. 



57, High complexity nuclmc acid probes according to Claim£2 
wherein the targeted chromosonyal material is human and selected from 
DNA of chromosomes 1 through 22, X and Y. 



58. High complexity nucleic acid probes according to Claiin32 
wherein the probe nucleic acicy sequences are propagated in a cell line and/or 
in one or more vectors. 



59. High complexity nticleic acid probes according to Claim 58 



wherein said cell line is 



[1 line and said one or more vectors is or 



are selected from the group consoling of yeast artificial chromosomes, 
plasmids, bacteriophages apd'cosmids. 



60. A method ibf staining targeted chromosomal material in the 
vicinity of a suspectecy genetic rearrangement with high complexity nucleic 
acid probes according to Claim 32 wherein the probe nucleic acid sequences 



prior to hybridization to the targeted chromosomal material are broken into 
fragments of from about 200 bases to about/2000 bases. 



61. A method according to Clain/i 60 wherein the size of the 
fragments are about 1 kb. 



62. A method according to Cfeim 6 1 wherein the size of the 
fragments is from about 800 bases to about 1000 bases and, wherein the 
hybridization is performed at a temperature of about 30 degrees C to about 45 
degrees C, and wherein the subsequent washing steps are performed at a 
temperature of from about 40 degrees C to about 50 degrees C. 



63. A method according te< Claim j62 wherein the hybridization is 
performed at a temperature of from about 35 degrees C to about 40 degrees C 



64. A method accordfcfg to Cj aim 63 wherein the hybridization is 
performed at a temperatwe-pabout 37 degrees C, and the subsequent 
washing steps are performed at a temperature of about 45 degrees C. 



65. A method/ acrarding to Claim 61 wherein the labeled fragments 
are detected after hybridization by flowcytbmetry. 



66. A method 
microscopy. / 



ccording to Claim 60 wherein detection is by 

s 



67. A method according to Claim 66 wherein the microscopy is 
automated. ^ / 

68. A method according to Claim 65 wherein light scattering is used. 

69. High complexity probes according to Claim 32 wherein the 
targeted chromosomal material of said probes is chromosomal material of 
fetal cells. / 

70. High complexity probes according to Claim 69 wherein said fetal 
cells have been separated from maternal blood. ^ 

71. High complexity probes according to Claim 32 wherein the 
targeted chromosomal material is in^krterphase and /or metaphase. 

72. Chromosome-spemfic staining reagent comprising a 
heterogeneous mixture of mbmed/nucleic acid fragments, wherein the labeled 
nucleic acid fragments are Gpmglgn^ntary to sites on targeted chromosomal 
material in the vicinity tSr suspected/genetic rearrangements and are 
substantially free of nuc|eic acipHJequences having hybridization capacity to 
sites on non-targeted chnomosomal material. 



73. The chromosome-specific staining reagent of Claim 72 wherein 
said labeled nucleic acid fragments are single-stranded. 
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74. The chromosome-specific staining reagent of Claim 73 wherein 
said nucleic acid fragments are labeled with radioactive, enzymatic, 
immunoreactive, fluorochromes and/or affinity detectable reagents. 



75. The chromosome-specific staining reagent of Claim^74 wherein 
said fragments are biotinylated, modified with N-acetoxy-N-2- 
acetylaminofluorene, modmed with fluorescein isothiocyanate, modified 
with mercury /TNP ligaija, sulfonated, digoxigenenated, or contain T-T 
dimers. 



76. A chromosome-specific staining reagent that provides staining 
patterns indicative of a genetic rearrangement produced by the process of: 

isolating chromosome-specific DNA; ^ 

amplifying pieces of the ismateji-^hromosome-specific DNA; 

disabling the hybridization capacity of and /or removing shared 
repetitive sequences contained in th^mplified pieces of the isolated DNA to 
form a collection of nuclei^cmj^agments which hybridize predominantly to 
targeted chromosomal D^Q^ijn the vicinity of a suspected genetic 
rearrangement; and 

labeling the nucleic acid fragments of the collection to form a 
heterogeneous mixture of nudeic acid fragments. 



77. A chromosome-specific staining reagent according to Claim 76 



wherein said step 
cloning. 



of amplifying said pieces of isolated DNA is performed by 



78. A chromosome-specific staining reagent according to Claim 76 
wherein said step of amplifying said pieces of isolated DNA is performed by 
using the polymerase chain reaction (PCR). 



79. The chromosome-specific staining reagent of Claim 76 wherein 



said step of removing said shared repetitive sequences comprises selecting 
amplified pieces of said isolated DNA which pieces are substantially free of 
nucleic acid sequences which are/complementary to non-targeted 
chromosomal material. 



80. The chromosome-specific stdfriing reagent of Claim 79 wherein 
said selection of said amplified pi^es (jewTiprises the use of Southern 
hybridization. 



81. The chromoson?rc-specific staining reagent of Claim 80 wherein 



said selection of said a] 



pieces comprises screening clones for the 



presence of repetitive sequences by/hybridization with genomic DNA. 



82. The chrome ^efme-specif ic staining reagent of Claim 81 wherein 
said clones are plasnria clones. 



83. The chromosome-specific staining reagent of Cl aim 82 w herein 
said selection of said amplified pieces comprises screening said clones for 
hybridization to the targeted chromosomal material, and removing the 
clones which do not so/hybridize. 



84. The chromosome-specific staining reagent of Claim 76 wherein 
said step of disabling said hybridization capacity comprises hybridizing said 
amplified pieces of said isolated DNA wittl unlabeled nucleic acid sequences, 



85. The chromosome-specific staining reagent of Claim 84 wherein 
said step of disabling said hybridization capacity comprises tiuTa&dition of 
unlabeled blocking nucleic acid to tlWlabeled nucleic acid probe prior to 
and /or during hybridization to the /argeted chromosomal material. 



86. The chromosome-specific staining reagent of Claim 85 wherein 
the unlabeled blocking DNA is genomic. 



87. The chromosome7^peci#c staining reagent of Claim 86 wherein 



the blocking nucleic acid is/a mgn-copy fraction of genomic DNA) 



88. The chroirroso] 



ific staining reagent of Claim 85 wherein 



the unlabeled blocking DNA is from a selection of clones containing the 
highest copy sequences frqrja'a genome and /or additional clones as required 
to produce useful conptasi 



89. The chromosome-specific staining reagent of C laim 26 wherein 
said step of disabling said hybridization capacity of said shared repetitive 
sequences comprises self-reassodating the high complexity probe. 



4 
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90. The chromosome-specific startling reagent of C laim 7 6 wherein 
said step of removing the shared repetitive sequences comprises the use of 
hydroxyapatite chromatography. 



91. The chromosome-specific sraining reagent of Claim 76 wherein 
said step of removing the shared repetitive sequences comprises reacting the 
amplified pieces of the isolated DNA Avith immobilized, single-stranded 
nucleic acid sequences which are complementary to said shared repetitive 
sequences. 



92. A method of staining/targeted chromosomal material with a high 
complexity nucleic acid probes accordmg^o^Claim 32 to produce staining 
patterns indicative of genetic re^angements wherein unlabeled high copy 
repetitive nucleic acid sequenop or genomic DNA are hybridized to the 
targeted chromosomal material prior4o or during the hybridization with the 
high complexity nucleic acid probe. 



93. A metho4;^(^staining targeted chromosomal material with high 
complexity nucleic acid /probes a<xording to Claim 32 to produce staining 
patterns indicative of genetfc rearrangements comprising the steps of: 



providing a 



rerogeneous mixture of labeled nucleic acid 



fragements, wherein substantial proportions of the labeled nucleic acid 
fragments in the heterogeneous mixture have base sequences substantially 
complementary to the targeted chromosomal material which is in the 
vicinity of a suspected/genetic rearrangement; 
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10 



reacting the heterogeneous mixture \pith the targeted chromosomal 
DNA by in situ hybridization; and 

observing and/or measuring the proximity of and/or other 
characteristics of signals of said staining pajtterns to determine whether a 
genetic rearrangement has occurred. 



94. High complexity nucleic acicy probes according to Claim 32 which 

/ ^ * 

are substantially free of shared repetitive sequences produced by a process 

employing a polymerase chain reaction/ (PCR) procedure. 



95. High complexity nucleic acid probes according to Claim 94 



wherein during said PCR process, s^uenc^v^Mch are complementary to said 
shared repetitive sequences, and which ^have extended non-complementary 
ends or which are terminated in nugleotidps which do not permit extension 
by a polymerase, are hybridized ra saic^mared repetitive sequences to inhibit 
amplification of such sequences. 



96. A method of graimtig targeted chromosomal material in the 



vicinity of a suspected gei 



tfio rearrangement with high complexity nucleic 



acid probes of Claim 32 wl ereipf :he probes are not directly labeled and 
detection of the probes bound to the targeted chromosomal material is by 
means other than direct labeling. 



97. A method of/ staining targeted chromosomal material according 
to C laim 96 wherein theAneans of detecting the probes bound to the targeted 



chromosomal material comprise the use of anti-RNA/DNA duplex 
antibodies and /or anti- thymidine dimer antibodies. 



98. High complexity nucleic acid probes according to Claim 32 for 
detection of specific genetically based diseases. 



99. High complexity nucleic aad probes according to Claim 32 for 
detection of genetic rearrangements iirciuced by exposure to clastogei^ic agents, 



100. High complexity nucleip^ad probes according to Claim 99 
wherein the probes have been oypm^ed for rapid detection of structural 
chromosome aberrations. 



101. High comple: 



(cleic acid probes according to Claim 32 



wherein said genetic rearacmgements are indicative of cytogenetic 
abnormalities in tumor cells. 




102. Test kits comprising the probes of Claim 32. 



103. Test kits con?(prising the probes of Claim 38. 



104. High complexity nupleip add probes according to Claim 32 for 
use in biological dosimetry. 



105. A method of distinguishing between suspected genetic 



rearrangements that occur ir 



fatively close proximity in a genome 



comprising in situ hybridization with nucleic acid probes which comprise 
sequences which are substantially homologous to nucleic acid sequences in 
the vicinity of said suspected genetic rearrangements. 



106. A method according to Claim 105 wherein said suspected genetic 
rearrangements are associated with a disease. 



107. A method according to Claim 106 wherein the disease is cancer. 



108. A method according to Claim 107 wherein said suspected genetic 
rearrangements are associated with CML and ALL. 



109. A method of detecting /a contigumis gene syndrome comprising 
the in situ hybridization of nucleic acidr Dyobes that comprise sequences which 
are substantially homologous to nucfefc acid sequences characteristic of one or 
more components of said contigjrfpus gene syndrome. 



110. A method according to Clainr 109 wherein said contiguous gene 



syndrome is Down syndroms 



111. Nucleic acid probes, according to Claim 32, comprising nucleic 
acid sequences that are sub srcintially homologous to^mcleic acid sequences in 



chromosomal regions that 



rank and/or extend partially or fully across 



breakpoints associated witlji cytogenetically similar but genetically different 
diseases. 
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112. A method of distinguishing cytogenetically similar but 
genetically different diseases comprising the in situ hybridization of the 
probes of Claim 111 to metaphase and /or interohase chromosomal spreads. 



113. The method of Claim 112 wherein the chromosomal spreads are 



human. 



114. Nucleic acid probes according to Claim 111 wherein the diseases 



are cancer. 



115. Nucleic acid probes according to Claim 114 wherein the diseases 



are CML and ALL. 



116. A chromosome-specmc staining reagent according to Claim 72 



which is disease-specific. 



117. A chromosome^ 



itaining reagent according to Claim 116 



which is tumor-specifi< 



118. A c^romosoj^e-specific staining reagent according to Claim 17 
which is specific fon the BCR-ABL fusion characteristic of CML. 



119. A chromosome-specific staining regent according to Claim 76 



which is disease specific. 



120. High complexity nucleic acid probes according to Claim 32 
comprising nucleic acid sequences substantial^ homologous to multiple loci 
in a genome. / 



121. High complexity nucleic acid probes according to Claim 120 
wherein said sequences are associated with regions of the genomelrTwhich 
genetic rearrangements are known to occur. 



122. High complexity nucleic aqti probes according to Claim 121 
wherein the genome is human. 



123. A method of simultaneously detecting the genetic 
rearrangements of multiple loci in £ genome comprising in situ hybridization 
with the probes of Claim 120. 



124. A method of searching ior a genetic rearrangement in a 




chromosomal region of a genc^e'indipated by conventional banding analysis 
to contain an abnormality co^ipri^ing in^snu hybridization of nucleic acid 
probes according to Claim 



125. A method/airording'ro Claim 53 wherein computer assisted 
microscopic analysis is/usetfto search for any residual disease in said patient. 



126. High complexity nucleic acid probes according to Claim 32 
wherein the probes nave been optimized for rapid, efficient, automated 
detection of aberrations. 



